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COPD exacerbationAbstract Background: It was reported that nearly twenty percent of all initial weaning trials in
mechanically ventilated chronic obstructive pulmonary disease patients failed, which may lead to
prolonged mechanical ventilation and expose the patient to hazardous complications such as ven-
tilator associated pneumonia, critical illness neuromuscular abnormalities and ICU psychosis rather
than the complications of mechanical ventilation itself.
Methods: This study was carried out at the Respiratory Intensive Care Unit of Chest Depart-
ment, Zagazig University Hospitals from May 2013 to May 2015. It included Mechanically venti-
lated chronic obstructive pulmonary disease patients due to acute respiratory failure who
underwent ﬁrst weaning trial using two hours of spontaneous breathing trial through T piece. They
were 60 patients, 44 males and 16 females with an age range from 41 to 65 years and a mean age of
54.23 ± 6.41 years. At the end of the ﬁrst weaning trial, patients were classiﬁed into two groups
according to weaning outcome: Group I: (successful weaning) as a control group they were (20)
patients and Group II: (failed weaning) they were (40) patients. Various risk factors were assessed
including electrolyte imbalance, nutritional state, delirium, weaning induced myocardial ischemia
and impaired thyroid function beside calculation of APACHE II score to assess illness severity.
Results: This study reported signiﬁcant risk factors for weaning failure including: malnutrition
(62.5%), electrolyte imbalance (42.5%), myocardial ischemia (37.5%), hypoalbuminemia
(32.5%), hypothyroidism (25%), delirium (20%) and overfeeding (17.5%) while in 5% of the stu-
died patients no identiﬁed risk factor was observed. In this work, multiple regression analysis iso-
lated two independent risk factors for weaning failure in COPD patients including, TSH level
>2.65 mIU/ml and impaired nutritional status, with P value = (0.018, 0.048) respectively.
Conclusions: 1-Myocardial ischemia, delirium, hypomagnesemia, hypophosphatemia and VAP
could be considered as important risk factors for weaning failure, however high TSH level
>2.65 mIU/ml and abnormal nutritional state were the most valuable independent predictors for
weaning failure. 2-An increase in the degree of severity of illness on ICU admission (guided byl ventila-
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tion in Zagazig University Hospitals, EgyptAPACHE II score), previous mechanical ventilation and longer duration of mechanical ventilation
could intensify the risk for weaning failure. 3-RSBI below 85 breaths/min/L may increase the rate of
weaning success.
 2016 Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest Diseases and
Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Exacerbation of chronic obstructive pulmonary disease
(COPD) is an event in the natural course of the disease char-
acterized by a change in the patient’s baseline dyspnea, cough
and/or sputum beyond day-to-day variability sufﬁcient to war-
rant a change in management [1]. In most patients, mechanical
ventilation (MV) can be discontinued as soon as the underly-
ing reason for acute respiratory failure has been resolved.
However, 20% to 30% of patients are considered difﬁcult to
wean [2]. The difﬁculty, ICU physicians still have, in disconti-
nuing mechanical ventilation, evidenced by the fact that 40%
of the time that a patient spends receiving mechanical ventila-
tion is devoted to weaning and increase up to, 59% in COPD
patients [3–5]. There are innumerable factors responsible for
the failure of weaning from MV. Factors that should be con-
sidered in all patients include misadjusted ventilator settings,
infections, airway patency and respiratory muscle performance
[6]. Malnutrition, which is common in ventilator dependent
patients has detrimental effects on the respiratory system.
Heart failure or coronary ischemia can be induced by the
reduction of ventilatory support which causes weaning failure
[7]. A number of electrolyte imbalances and psychological pro-
blems can be an impediment to successful weaning [8]. Hence,
the purpose of this study is to identify risk factors associated
with weaning failure in mechanically ventilated COPD
patients.Patients and methods
This study was carried out at the Respiratory Intensive Care
Unit of Chest Department, Zagazig University Hospitals in
the period from May 2013 to May 2015.
Written informed consent was obtained from all patients’
relatives.
Patients
This study included 60 Chronic Obstructive Pulmonary
Disease patients with acute exacerbation diagnosed according
to Gold (2013) [9] as having acute respiratory failure
necessitating mechanical ventilation. Weaning procedures were
started after fulﬁlling weaning criteria according to Osler
(2014) [7].
## Checklist for identifying patients who can be considered
for a trial of spontaneous breathing [7].#Respiratory criteria
 PaO2P 60 mmHg on Fio2 6 40–50% and PEEP 6 5–8 cm
H2O.oneim et al., Assessment of weaning fail
. J. Chest Dis. Tuberc. (2016), http://dx PaCO2 normal or baseline (except for permissive
hypercapnia).
 Patient is able to initiate an inspiratory effort.
#Cardiovascular criteria
 No evidence of myocardial ischemia.
 Heart rate 6 140 beats/min.
 Blood pressure normal without vasopressors or with mini-
mum vasopressor support (e.g., dopamine < 5 lg/kg/min).
#Adequate mental status
 Patient is arousable or Glasgow coma scoreP 13.
#No correctible comorbidity
 Patient is afebrile.
 There are no signiﬁcant electrolyte abnormalities.
Inclusion criteria
Mechanically ventilated COPD patients due to acute respira-
tory failure underwent ﬁrst weaning trial using two hours of
spontaneous breathing trial (SBT) through T piece according
to Osler (2014) [7]. They were 60 patients, 44 males and 16
females with an age range from 41 to 65 years and a mean
age of 54.23 ± 6.41 years.
Exclusion criteria
Mechanically ventilated patients due to acute respiratory fail-
ure secondary to causes rather than acute exacerbation of
COPD e.g.:
1- Cerebrovascular accidents.
2- Post arrest.
3- Primary metabolic disorders (renal failure, DKA, lactic
acidosis).
4- Chest trauma.
*At the end of the first weaning trial, patients were classified into
two groups according to weaning outcome
Group I: (successful weaning) as a control group.
They were 20 patients, 14 males and 6 females with an age
range from 44 to 65 years and a mean age of 55.15
± 6.44 years.ure in chronic obstructive pulmonary disease patients under mechanical ventila-
.doi.org/10.1016/j.ejcdt.2016.01.013
Weaning failure in chronic obstructive pulmonary disease patients 3Group II: (failed weaning).
They were 40 patients, 30 males and 10 females with an age
range from 41 to 63 years and a mean age of 53.15
± 6.39 years.
Weaning failure is deﬁned as either failure of spontaneous
breathing trial or the need for reintubation within 48 h fol-
lowing extubation [5].
Criteria used to define tolerance of spontaneous breathing:
[5,10]
*Objective measurements indicating tolerance/success
A- Gas exchange acceptability: (Spo2P 85–90%; Po2P
60 mmHg; pHP 7.32; increase in Paco2 6 10 mmHg).
B- Hmodynamic stability: (HR< 120–140 beats/min; HR
not changed > 20%; systolic BP < 180 and >
90 mmHg;BPnot changed > 20%,nopressors required).
C- Stable ventilatory pattern: (RR 6 30–35 b/min; RR not
changed > 50%).
*Subjective clinical assessments indicating intolerance/failure
A- Change in mental status (e.g. somnolence, coma, agita-
tion, anxiety).
B- Onset or worsening of discomfort.
C- Diaphoresis.
D- Signs of increased work of breathing (use of accessory
respiratory muscles, and thoracoabdominal paradox).
Methods
I-Assessment of the followings were done for both groups after
the first weaning trial
1- Arterial blood gases analysis (ABGs).
2- Chest X-ray (antero-posterior view).
3- Laboratory investigations:
# Serum electrolytes (Ca, Mg, P).
# Complete blood count (CBC).
# Liver and kidney function tests.
4- Thyroid function tests (Free T3, free T4 & TSH) [2].
5- Electrocardiography for the detection of weaning
induced ischemic changes or arrhythmias.
6- Calculation of the APACHE II score (acute physiology
and chronic health evaluation score II) at time of admis-
sion [11].
II-Reviewing the recorded data on admission
(1) Full medical history from the patient (if possible) or his
relatives including smoking status, history of previous
intubation and/or ventilatory support and presence of
co- morbidities.
(2) General and local chest examination.Please cite this article in press as: A.H.A. Ghoneim et al., Assessment of weaning fail
tion in Zagazig University Hospitals, Egypt. J. Chest Dis. Tuberc. (2016), http://dx(3) Chest X-ray (postero-anterior or antero-posterior view).
(4) Arterial blood gases analysis.
(5) Routine laboratory investigations:ure in c
.doi.orga- Serum electrolytes (Na, K).
b- Complete blood count (CBC).
c- Liver and kidney function tests.III- Reviewing the recorded data during ventilation before the
first weaning trial
1- Arterial blood gases analysis.
2- Chest X-ray (antero-posterior view).
3- Laboratory investigations:
# Complete blood count (CBC).
# Liver and kidney function tests.
# Serum electrolytes (Na, K).
4- Electrocardiography.
5- Assessment of Glasgow Coma Score (GCS) [12].
6- Last recorded vital signs (body temperature, pulse,
Blood pressure).
7- Amount of endotracheal secretions which is graded as
mild, moderate, and abundant described by a single
observer [13].
8- Assessment of the strength of the cough reﬂex by White
card test [13].
9- Assessment of nutritional state using Basal Energy
Expenditure (25  body weight) according to Osler,
(2014) [7] whether:* Adequate (caloric intake matches with daily caloric
needs).
* Undernutrition (caloric intake is lesser than daily c-
aloric needs).
* Overfeeding (caloric intake is much more than daily
caloric needs).10- Data related to MV:
a. Monitoring of the last mechanical ventilatory settings
and weaning parameters (P0.1, Pimax, RSBI, FiO2,
Pao2/Fio2).
b. Duration of MV before weaning.
11- Neuropsychiatric assessment for the detection of delir-
ium by confusion assessment method (CAM) [14].Statistical analysis
Data were entered, checked and analyzed using Epi-Info ver-
sion 6 and SPSS for Windows version 14.0 (SPSS, Chicago,
IL, USA). Data were summarized using the arithmetic mean,
the standard deviation (SD), Analysis of variance (ANOVA
of F test), Chi-Square test and Student’s t-test. The threshold
of signiﬁcance is ﬁxed at 5% level (P-value), P value of
>0.05 indicates non signiﬁcant results, P value of <0.05 indi-
cates signiﬁcant results.
Results
This study included 60 COPD patients with acute exacerbation
in acute respiratory failure necessitating mechanical ventila-hronic obstructive pulmonary disease patients under mechanical ventila-
/10.1016/j.ejcdt.2016.01.013
Table 2 APACHE II score among studied patients on
admission.
Group I
(successful
weaning) (n= 20)
Group II (failed
weaning)
(n= 40)
t P
Mean ± SD Mean ± SD
APACHE
II
16.2 ± 5.2 21 ± 2.5 4.02 0.001
Table 3 Correlation between APACHE II score and duration
of MV in all studied patients.
Duration of MV
APACHE II score r 0.744
P 0.001
N 60
4 A.H.A. Ghoneim et al.tion. They were 44 males and 16 females with an age range
from 41 to 65 years and a mean age of 54.23 ± 6.41 years.
At the end of ﬁrst weaning trial they were classiﬁed into;
Group I (successful weaning = 20 patients) and Group II
(failed weaning = 40 patients).
As shown in (Table 1) both groups were matched as regards
age, duration of illness, sex and smoking status (P> 0.05).
While failure of weaning was more evident in patients who
were previously mechanically ventilated, in such group of
patients more attempts of mechanical ventilation were
recorded with longer duration of MV before ﬁrst weaning trial
than in successful group with highly signiﬁcant statistical dif-
ference (P< 0.01).
Group II has a highly statistically signiﬁcant increase in
APACHE II score than in group I when assessed on admission
(P< 0.01) (Table 2). Moreover there was a signiﬁcant positive
correlation between APACHE II score and the duration of
MV in all the studied patients, (P< 0.01) (Table 3).
As regards laboratory data; a signiﬁcant decrease in Mg, P
and albumin levels was recorded in group II compared with
group I (P< 0.05) (Table 4). While as for thyroid function
assessment; a lower level of Free T3 and Free T4 with a higher
TSH level in group II compared with group I was observed with
a signiﬁcant statistical difference after weaning trial (P< 0.05)
(Table 5). Besides, 25% of patients in group II (compared to
only 5% in group I) had an impaired thyroid function with a
signiﬁcant statistical difference (P < 0.05) (Table 6).
Table 7 illustrates the inﬂuence of nutritional state on the
outcome of weaning in both groups in which malnutrition
was more apparent in group II (62.5%) when compared with
group I (40%), also, overfeeding was more evident in group
II than in group I (17.5%Vs 10%) respectively, with a signiﬁ-
cant statistical difference (P< 0.05).
As for weaning predictors including PImax, RSBI & P0.1,
there were insigniﬁcant statistical difference between both
groups before ﬁrst weaning trial (P> 0.05) (Table 8). How-
ever when assessing RSBI in different ranges, 75% of patients
in group I, their RSBI was categorized below 85 breaths/min/L
while 62.5% of patients in group II their RSBI was categorized
between 85 and 104 breaths/min/L with a statistically signiﬁ-
cant difference (P> 0.05) (Table 9). ICU physicians still have
many difﬁculties in discontinuing mechanical ventilation, as
40% of time that a patient spends receiving mechanical venti-
lation is devoted to weaning process, and it can be increased up
to 59% in COPD patients (Table10).Table 1 Demographic data of the studied patients.
Group I (Successful weani
Mean ± SD
Age in years 55.15 ± 6.44
Duration of illness in years 11 ± 2.9
Duration of MV (days) 4.24 ± 1.01
NO %
Sex Male 14 70
Female 6 30
Smoking status Smoker 12 60
Ex-smoker 6 30
Non-smoker 2 10
Patients with Previous MV Once 1 5
Twice 0 0
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(20%) and absent in group I with a statistical signiﬁcant differ-
ence (P< 0.05).
Regarding new ischemic changes in ECG after weaning
trial, in group II they occurred in 15 patients (37.5)% without
such changes in group I with a highly signiﬁcant statistical dif-
ference inﬂuencing the weaning outcome (P< 0.05) (Table
12).
Table 13 demonstrates logistic regression analysis used to
assess predictors of weaning failure that had isolated two sig-
niﬁcant independent predictive parameters that add signiﬁ-
cance to the model; TSH > 2.65 mIU and impaired
nutritional status, with P value=0.018, 0.048 respectively.Discussion
The outcome of discontinuation of mechanical ventilation in
COPD patients with respiratory failure is still difﬁcult to pre-
dict. Moreover, searching for ideal predictors of successful
weaning or liberation from mechanical ventilation has been a
subject of constant investigation for over half a century [5].
There are innumerable factors responsible for failure of wean-
ing from MV. Factors that should be considered in all patients
include misadjusted ventilator settings, infections, airwayng) (n= 20) Group II (Failed weaning) (n= 40) t P
Mean ± SD
53.32 ± 6.39 1.29 0.18
11 ± 2.5 1.27 0.189
6.18 ±.9 2.93 0.001
NO % X2 P
30 75 0.17 0.68
10 25
28 70 0.74 0.38
8 20
4 10
5 12.5 6.86 0.032
10 25
ure in chronic obstructive pulmonary disease patients under mechanical ventila-
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Table 4 Laboratory data of the studied groups.
Group I (Successful weaning) (n = 20) Group II (Failed weaning) (n = 40) t P
Mean ± SD Mean ± SD
Albumin (g/dl) 3.3 ± 0.37 2.9 ± 0.26 2.89 0.04
Mg (mEq/L) 2.79 ± 0.41 1.29 ± 0.78 2.2 0.000
P (mg/dl) 3.53 ± 0.45 2.3 ± 0.91 5.7 0.014
Table 6 Percentage of impaired thyroid function among both
groups.
Group I
(successful
weaning)
(n= 20)
Group II
(failed
weaning)
(n= 40)
X2 P
NO % NO %
Thyroid
function
Impaired 2 5 10 25 2.78 0.036
Normal 18 95 30 75
Table 5 Thyroid function tests in the studied groups.
Group I (Successful weaning) (n = 20) Group II (Failed weaning) (n = 40) t P
Mean ± SD Mean ± SD
Free T3 (pg/dl) 3.35 ± 0.577 2.95 ± 0.9 2.08 0.031
Free T4 (ng/dl) 1.36 ± 0.22 1.13 ± 0.4 2.8 0.001
TSH (mIU/ml) 3 ± 0.9 4.04 ± 0.56 4.2 0.001
Weaning failure in chronic obstructive pulmonary disease patients 5patency and respiratory muscle performance [6]. So, this study
was designed to identify risk factors associated with weaning
failure in mechanically ventilated COPD patients.
In the current study both groups were matched as regards
age, sex, duration of illness, smoking status and presence of
associated co morbidities (P> 0.05). Similar results were
demonstrated by Knaus (1989), Imma (1998) and Elgazzar et
al. (2013) [15–17] who showed that there was no signiﬁcant
effect of the age or sex on the weaning outcome, as the severityTable 7 Comparison between both groups regarding the nutritiona
Group I (Successful weaning) (n=
NO %
Nutritional status Adequate 10 50
Malnutrition 8 40
Overfeeding 2 10
Table 8 Assessment of predictors of weaning before ﬁrst weaning t
Group I (successful weaning) (n= 20)
Mean ± SD
PImax (cmH2o) 33.03 ± 10.24
RSBI (f/Vt) 83.7 ± 21.6
P0.1 (cmH20) 2.87 ± .67
Please cite this article in press as: A.H.A. Ghoneim et al., Assessment of weaning fail
tion in Zagazig University Hospitals, Egypt. J. Chest Dis. Tuberc. (2016), http://dxof the underlying disease and the general condition of the
patients were much more determinant factors of the weaning
outcome than the age and sex. Moreover, El sadek (2010)
and Elgazzar et al. (2013) [17,18] stated that smoking status
had no role in inﬂuencing the weaning outcome but can affect
the severity of the disease.
In the current study, weaning failure was more evident in
patients who were previously mechanically ventilated, and in
such group of patients more attempts of mechanical ventila-
tion were recorded. Repeated institutions of MV denotes
poorly controlled underlying disease that led to repeated
exacerbations and subsequent more and more decline in pul-
monary reserve that may reach to a critical level which does
not respond to any assisted ventilation. Also repeated MV
increases the incidence of complications in the ICU as well
as ventilator associated complications that can evolve to poor
outcome as reported by (Wu et al., 2009), (Esquinas and Mar-
kus, 2013) and (Ismaeil et al., 2013) [19–21]. A signiﬁcant
shorter duration of MV (4.24 ± 1.01 days) was observed in
the patients who tolerated the SBT than those who failed
(6.18 ± 0.9 days) (P< 0.01). This is in agreement with Gold-
stone (2002), Youssef et al. (2004), Ahmed et al. (2005) andl status.
20) Group II (Failed weaning) (n= 40) X2 P
NO %
8 20 6.38 0.041
25 62.5
7 17.5
rial in both studied groups.
Group II (failed weaning) (n= 40) t P
Mean ± SD
31.6 ± 12.85 0.61 0.61
89.9 ± 31.7 0.98 0.35
2.56 ± .53 0.97 0.34
ure in chronic obstructive pulmonary disease patients under mechanical ventila-
.doi.org/10.1016/j.ejcdt.2016.01.013
Table 9 Ranges of RSBI in the studied groups.
RSBI Group I (Successful weaning)
(n= 20)
Group II (Failed weaning)
(n= 40)
X2 P
P105 2 (10%) 5 (12.5%) 6.25 0.033
85–104 3 (15%) 25(62.5%)
<85 15 (75%) 10 (25%)
Table 10 Success rate with different ranges of RSBI.
RSBI Total patients Successful weaning patients %
<105 53 18 33.96
<85 25 15 60
6 A.H.A. Ghoneim et al.Moghawry (2011) [22–25] who observed that the number of
days spent under MV before the weaning trial was signiﬁcantly
higher in patients who failed the 2 h SBT. Furthermore, they
emphasized the importance of duration of MV in determining
weaning outcome, and described it as the most important vari-
able reported in both groups. The duration of MV before
weaning trial could indirectly indicate the severity of the initial
injury, leading to intubation and mechanical ventilation [26],
and could be due to the weakness of respiratory muscles
(due to electrolyte disturbance or inadequate nutrition) or
the occurrence of complications [10,22].
Regarding the electrolyte proﬁle among both groups, there
was a signiﬁcant decrease in Mg and P levels in group II com-
pared with group I (P< 0.05). This result was in agreement
with Osler (2014) [7] who stated that magnesium and phos-
phorus can impair respiratory muscle strength and their deﬁ-
ciencies should be corrected for optimal performance duringTable 11 Frequency of delirium among both groups.
Group I (Successful weaning) (n= 20)
NO %
Delirium Present 0 0
Absent 20 100
Table 12 Electrocardiographic ﬁndings before and after the weanin
Group I (successful w
NO
ECG before weaning NAD 15
Old ischaemic changes 5
ECG after weaning NAD 15
Old ischaemic changes 5
Recent ischaemic changes 0
Table 13 logistic regression analysis for predictors of weaning failu
Std. Error
TSH> 2.65 mIU/ml 0.124
Impaired nutritional state 0.089
Please cite this article in press as: A.H.A. Ghoneim et al., Assessment of weaning fail
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nesium levels in one hand and weaning failure with prolonged
stay in ICU on the other hand can be explained by their effect
on neuromuscular abilities and direct impairment of the con-
tractile properties of the diaphragm. Also, Alsumrain et al.
(2010) [27] concluded that serum phosphorus concentration
<1.05 mmol/L (3.2 mg/dl), is associated with 18% greater risk
of failure-to wean from mechanical ventilation.
Hypoalbuminemia is a common ﬁnding in critically ill
patients with AECOPD and respiratory failure [5]. In this
study, serum albumin level during mechanical ventilation
was signiﬁcantly lower in patients who failed weaning than
in patients who successfully weaned (2.9 ± 0.26 vs 3.3
± 0.37 g/dl). These ﬁndings were consistent with those
observed by Youssef et al. (2004), and Elgazzar et al. (2013)
[17,23] who showed that the serum albumin level was signiﬁ-
cantly higher in successful than in failed cases of their study.
Menzies et al. (1989) and Ahmed et al. (2005) [24,28] found
that serum albumin was correlated with weaning outcome
and a serum albumin level below 3 gm/dl predicts weaning fail-
ure. Albumin level may be a good predictor of weaning out-
come because it is a reliable indicator of the physiologic
response of stress as its synthesis was decreased due to the pre-
sence of malnourished COPD on MV, cor pulmonale withGroup II (Failed weaning) (n= 40) X2 P
NO %
8 20 6.2 0.038
12 80
g trial in both studied groups.
eaning) (n= 20) Group II (failed weaning) (n= 40) X2 P
% NO %
75 23 57.5 1.75 0.18
25 17 42.5
75 18 45 6.3 0.004
25 7 17.5
0 15 37.5
re.
Standardized Coeﬃcients Beta P
0.283 0.018
0.182 0.048
ure in chronic obstructive pulmonary disease patients under mechanical ventila-
.doi.org/10.1016/j.ejcdt.2016.01.013
Weaning failure in chronic obstructive pulmonary disease patients 7associated liver congestion or due to the effect of chronic ill-
ness. This decrease in protein synthesis and hypoalbuminemia
led to a decreased anabolic process in overworking respiratory
muscles causing respiratory muscle fatigue. The inability to
increase the serum albumin concentration probably means that
the stressful condition is not adequately controlled making
weaning more difﬁcult [29–31].
When assessing the APACHE II score among both groups,
there was a high statistical signiﬁcant increase in APACHE II
score in group II than in group I when assessed on admission.
This is in harmony with the results of Vittaca et al. (1996),
Schnhofer et al. (2004) and Sayedul Islam (2013) [32–34]
who observed from their studies that overall severity of illness
assessed by APACHE II score correlates better with the wean-
ing outcome; a higher APACHE score was associated with
weaning failure. Moreover there was a positive correlation
between APACHE II score and duration of MV in the studied
groups (P< 0.01). So it can also predict duration of MV due
to its reﬂection on patients’ health status as being considered a
marker of illness severity. Group I who passed the process of
weaning successfully had a lower APACHE score (16.2
± 5.2) and a shorter duration of MV (4.24 ± 1.01 days) com-
paring with Group II who failed the process of weaning with a
higher score (21 ± 2.5) and a prolonged duration of MV (6.18
± 0.9 days).
In this work, there was a signiﬁcant statistical difference
between both groups regarding the pattern of nutrition, as
malnutrition represented 62.5% of patients in group II com-
pared with 40% in group I. While overfeeding represented
17.5% in group II compared with 10% in group I, adequate
nutrition represented only 20% in group II compared with
50% in group I. However malnutrition could lead to weakened
and reduced muscle mass in particular the respiratory muscles,
but also overfeeding add more difﬁculty and exaggerated stress
on the patient during weaning to get rid of excess CO2. Khalil
and colleagues (2012) [6] stated that nutritional deﬁciency was
found in more than 80% of patients and was associated with
poor prognosis due to reduced muscle mass and hence contri-
buting to difﬁcult weaning. Boles and colleagues (2007) [5]
reported that 40% of the critically ill patients were malnour-
ished that have negative impact on weaning by suppressing
the ventilatory drive and limiting the muscle mass and capacity
of contraction. Osler (2014) [7] focused on overfeeding as an
important cause of weaning failure, in which an increase in
the daily caloric intake was associated with an increase in
metabolic CO2 production. If it happened, the excess CO2 that
is produced must be removed by the lungs and this requires an
increase in minute ventilation that adds to the difﬁculty of sus-
taining spontaneous breathing. Metabolism of macronutrients
and mainly CHO produced more carbon dioxide oxidative end
products. The respiratory quotient is a measure that reﬂects
substrate utilization (CO2 produced over oxygen consumed).
When the value exceeds 1, O2 consumption must increase
resulting in an increased WOB. This increased workload can
further impair respiratory function, resulting in respiratory
failure or the inability to wean from mechanical ventilation.35
Regarding PImax: there was a non signiﬁcant difference
between patients with weaning failure (31.6 ± 12.85 cm
H2O) and those with successful weaning (33.03 ± 10.24 cm
H2O) respectively, (Table 8). This is in agreement with the
results of Yang and Tobin (1991), Conti et al. (1992), Jacob
et al. (1996) Chatilia et al. (1996), Fathi et al. (2001) andPlease cite this article in press as: A.H.A. Ghoneim et al., Assessment of weaning fail
tion in Zagazig University Hospitals, Egypt. J. Chest Dis. Tuberc. (2016), http://dxElgazzar et al. (2013) [17,36–40], who found that most of their
studied patients who failed weaning, were having PImax values
lower than those whom succeeded although the difference was
not signiﬁcant.
On the other hand, Alvisi (2000), Youssef et al. (2004) and
Osler (2014) [7,23,41] revealed a statistically signiﬁcant higher
negative values of PImax in the success group compared with
failure group during correlating weaning outcome with PImax
values in their studies. This could be explained by the fact that,
the measurement of PImax alone could not be used by itself to
predict reliably the outcome of weaning particularly in patients
who exhibit a PImaxP 20 to 30 cm H2O. In part, this may
be related to the difﬁculty in assuring the cooperation of
patients who were so ill. On the other hand, even normal mus-
cle with a normal maximal inspiratory pressure will fatigue if
coupled with excessive respiratory loads, leading to respiratory
failure as agreed with Martin and Laurent (1996) and El-
Khatib et al. (2008) [42,43].
The RSBI as a predictor for weaning in the present study,
was not signiﬁcantly different between patients who success-
fully weaned and those who failed the weaning trial (83.7
± 21.6 and 89.9 ± 31.7 respectively). This is in agreement
with Whelan et al. (1994), Sabry (2002), Tanios et al. (2006)
and Elgazzar et al. (2013) [17,26,44,45] who reported similar
ﬁndings in their studies. This could be explained by the fact
that the main defect in the RSBI is that it produces excessive
false positives (Although patients with RSBI <105 breath/
min/L but failed the SBT), and its speciﬁcity, in the various
studies, range from 11–64% [36,46]. Accordingly, a
RSBI < 105 breath/min/L does not necessarily ensure success-
ful liberation from mechanical ventilation, but should be sub-
jected to a SBT to assess a patient’s readiness for weaning [26].
Also, the RSBI has less predictive power in patients who need
ventilatory support for more than 8 days and may be less use-
ful in chronic obstructive pulmonary disease and ﬁnally, can be
inﬂuenced by the ventilatory support settings [43]. This is in
contrast with Alvisi et al. (2000), Alia and Esteban (2000),
Meade et al. (2001), and Youssef et al. (2004) [23,41,47,48]
in which RSBI of their patients who tolerated the SBT was sig-
niﬁcantly lower than 100 compared with those who failed SBT.
According to El-Khatib et al. (2008) and Osler (2014) [7,43],
the presence of high respiratory rate is often the earliest sign
of impending respiratory distress and the degree of elevation
was proportional to the severity of the underlying disease in
COPD patient (decreased pulmonary mechanics and decreased
functional reserve) and to the increased ventilatory demand of
the fatigued respiratory muscles to more oxygen supply.
There was a signiﬁcant difference between both groups
regarding their RSBI when assessed in different ranges in
which for 75% of patients in group I, their RSBI was categor-
ized below 85 while for 62.5% of patients in group II their
RSBI was categorized between 85 and 104. This result was
emphasized by assessing RSBI in different ranges as when con-
sidering RSBI < 105 breath/min/L, 33.96% of patients were
successfully weaned, while when RSBI was considered
<85 breath/min/L, success rate increased to 60%. This is in
agreement with Fadaii et al. (2012) [49] in their study in which
63 patients had RSBI 6 105 among them 49 (77%) patients
had successful weaning while during assessment of RSBI < 80
(90.2%) patients had successful weaning.
In the present study, P0.1 in the successful weaning group
was 2.87 ± 0.67 cm H2O versus 2.56 ± 0.53 cm H2O in failedure in chronic obstructive pulmonary disease patients under mechanical ventila-
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8 A.H.A. Ghoneim et al.group with an insigniﬁcant difference. This was in agreement
with Elgazzar et al. (2013) [17] but in contrast with Maclntyre
(2001) and Raoof (2003) [10,50] who found that P0.1 6 4.5 cm
H2O was associated with a high signiﬁcant prediction of wean-
ing success. This disagreement could be because this test is
effort independent, and mainly affected by impaired neurologi-
cal drive, which is widely variable between patients.
Regarding delirium; an acute disorder of attention and cog-
nition, there was a signiﬁcant statistical difference between
both groups in the frequency of delirium as detected by confu-
sion assessment method. Eight patients (20%) experienced
delirium and passed into failed weaning while it was absent
in successfully weaned patients. Boles et al. (2007) [5] focused
on delirium as a risk factor observed in weaning failure with a
reported incidence ranging between 22 and 80% with many
modiﬁable risk factors including untreated pain, prolonged
immobilization, hypoxemia, anemia and sleep deprivation.
Heunks and van der Hoeven in 2010 [2] stated that impaired
cognitive function was associated with four fold higher risk
of failed extubation.
Hypothyroidism is a known uncommon reported cause of
ventilator dependency [2,5,6]. In this study, impaired thyroid
functions was more prevalent in group II than group I (25%
vs 5%) and was statistically different between both groups
since free T3, T4 recorded lower levels with higher TSH levels
in group II when compared with group I (P< 0.05). This is in
harmony with the result of Datta and scalise (2004) [51] who
found a signiﬁcant difference in thyroid proﬁle of patients with
successful liberation from MV than others who could not.
Nafea and colleagues (2014) [52] found a highly signiﬁcant
correlation between impaired thyroid function and each of the
duration of mechanical ventilation and length of ICU stay.
Abdel Naby et al. (2015) [53] recommended serial measure-
ment of thyroid hormones with prolonged mechanical ventila-
tion and difﬁcult weaning in order to plan for possible thyroid
hormone replacement when appropriate.
Association between impaired thyroid functions and
delayed weaning can be attributed to decreased central drive
with impairment of ventilatory response to hypoxia and hyper-
capnia, skeletal muscles myopathy (including respiratory mus-
cles particularly diaphragm), upper airway obstruction,
alveolar hypoventilation and possible mechanical causes such
as pleural and pericardial effusion (Zwillich et al., 1975, Datta
and scalise, 2004, Khalil et al., 2012 and Yasar et al., 2015)
[6,51,54,55].
As regards the ECG ﬁndings before and after weaning in
this study, new ischemic changes after weaning trial in group
II occurred in 15 patients (37.5)% without such changes in
group I with a highly signiﬁcant statistical difference
(P< 0.05). This result is in accordance with that of Frazier
et al. (2006), Teboul et al. (2010) and Osler (2014) [7,56,57]
results, who stated that recent myocardial ischemia was asso-
ciated with failed weaning as a result of weaning stress which
reﬂects more cardiac workload needing more and more oxygen
consumption. The transfer of a patient from positive pressure
ventilation to spontaneous ventilation is associated with
increased venous return and negative intra-thoracic pressure
causing increased left ventricular afterload and increased myo-
cardial oxygen consumption. Thus, latent or unrecognized
myocardial dysfunction may become manifest at the com-
mencement of the weaning attempts [5]. Besides, during SPT
an increase of WOB, increase in global oxygen demand andPlease cite this article in press as: A.H.A. Ghoneim et al., Assessment of weaning fail
tion in Zagazig University Hospitals, Egypt. J. Chest Dis. Tuberc. (2016), http://dxmainly myocardial oxygen demand occurs. This may lead to
myocardial ischemia especially in patients with coronary artery
disease [58]. In addition, the emotional stress due to abrupt
disconnection from MV can result in adrenergic response with
a two fold increase in epinephrin and norepinephrine blood
levels during weaning with subsequent tachycardia and
increase cardiac demand [59].
This study reported signiﬁcant risk factors for weaning fail-
ure including: malnutrition (62.5%), electrolyte imbalance
(42.5%), myocardial ischemia (37.5%), hypoalbuminemia
(32.5%), hypothyroidism (25%), delirium (20%) and overfeed-
ing (17.5%) while in 5% of studied patients no identiﬁed risk
factor was observed. Moreover, TSH level >2.65 mIU/ml
and impaired nutritional status were considered independent
risk factors for weaning failure in COPD patients.Conclusions
From this study, it can be concluded that: 1-Myocardial ische-
mia, delirium, hypomagnesemia, hypophosphatemia and VAP
could be considered as important risk factors for weaning fail-
ure, however high TSH level >2.65 mIU/ml and abnormal
nutritional state were the most valuable independent predic-
tors for weaning failure. 2-An increase in the degree of severity
of illness on ICU admission (guided by APACHE II score),
previous MV and longer duration of MV could intensify the
risk for weaning failure. 3-RSBI below 85 breaths/min/L
may increase the rate of weaning success.References
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